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RESULTS FROM IFVESTIGATIONS IN THREE NASA/LaRC 
HYPERSONIC WIND TUNNELS ON A .OOit SCALE MODEL 
SPACE SHUTTLE ORBITER (MODEL 13P-0) TO DETERMINE 
REAL GAS EFFECTS (LA 78 , LA 8 T, LA 88 ) 

ABSTRACT 

Results from tests in the NASA/CPlt, 20 inch Mach 6 and the 22 inch 
Helium Tunnel consist of pressure measurements on the lower surfaces of 
the Rockwell Space Shuttle Orbiter. All data are in absolute pressures. 

Data were recorded with the model at a Mach ntimber of 6 and 20 at 
angles of attack of 10 ° to 30°. 
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NOMENCLATURE 


PLOT 

SYMBOL 

MNEMONIC 

definition 



base area, 

■b 

BREF 

reference span, in. 

^ref 

LREP 

reference length, in. 

■M 

MACH 

Mach number 

^local 

PL 

static pressure, millimeters of mercury 

Po 

PO, PTOT 

total pressure, millimeters of merctiry 

q. 

Q(MMH) 

dynamic pressure, millimeters of mercury 

®ref 

SREF 

reference area, ft.^ 

T 

TO, TTOT 

ten^ierature , °C 

X 

XO 

longitudinal displacement along centerline, 
inches 

Y ■ 

YO 

lateral displacement from centerline, inches 

Z 

ZO 

vertical displacement from centerline, inches 

a 

ALPHA 

angle of attack, angle between the projection 
of the wind- Z axis on the body X, Z plane and 
the body X axis, deg. 

e 

BETA 

sideslip angle, angle between the wind Z axis 
and the projection of this axis on the body X 
Z plane, deg. 

RN 

EN/L 

Reynolds number; per m, per ft. 


elevon 

•elevon deflection angle, degrees 


SPDBRK 

speedbrake deflection angle, degrees 


bdflap' 

body flap deflection angle, degrees 
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IKPRODUOPION 


A series of wind ttmnel tests have heen conducted to investigate 
real-gas effects. Pressures have heen obtained on the windward surface 
of a »00^ scale model space shuttle orhiter in three I*ngley Research 
Center facilities: the 20-Inch Hypersonic Tunnel (Mach 6 ), the 22-Inch 

Helium Tunnel, and the CF4 Tunnel. 

Data are presented at angles of attack from lO^to 30°a-s absolute 
pressures (mm of Hg) for Mach numbers of 6 and 20. The Rockwell designation 
of the model is 13P-0. 


5 



CONFIGURATIONS INVESTIGATED 


mie model used in this test is designated 13P-0, It is constructed 
to .004 scale Vehicle 2A (modified), with provisions for 19 pressure 
measurements. Eleven, aileron, rudder and speed hrake deflections were 
• all zero. ' The specific elements of the orbiter vehicle are: 


Element 

Identifier 

Body 

B 58 

Canopy 

C5 

Elevon 

El8 

Body Flap 

Fli 

0^ Pods 

M3 

Rudder 

R5. 

Vertical Tail 

V5 ■ 

Wing 

W8T 


Modifications to the vehicle 2A configuration consisted of removal 
of the jnanipulator arm fairings (D?) and alteration of the nose- forward of 
body station 300 to approximate vehicle 3 contours (Drawing VL70-000139B ) . 
Dimensional data for these elements are given in table III. 

The arrangement and locations of the pressure orifices on the orbiter 
wing are shown in figure 2. The locations of the pressirre orifices on 
the orbiter wing are given in terms of Full Seale Dimensions of the theo- 
retical wing in figure 2. 
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TEST CONDITIONS 


All data were recorded with the model at 10 to 30 degrees angle of 
attack and zero degree sideslip. The tunnel conditions during the tests 
.are presented in table I. 
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TEST FACILITY DESCRIPTIONS 


Langley 22~Inch Helitun Tunnel ; 

The “test medium is purified helium. Models are mounted on a vertical 
strut. The nozzle is contoured and the test section is 57.1 cm in diameter. 

* i 

The test core is 20 to 25 cm in diameter and the. helium exhausts into a 


vacuum syst^. Nominal operating conditions are as follows: 
Stagnation pressure, pascals S.U X 10® to 2U.8 X 10® 
Stagnation temperature, °K up to hjj 

. Mach number ■ ' 20 

Reynolds number, per meter 1 X 10® to k.J X 10® 

Running time, sec 80 


Langley 20-Inch Hypersonic Tunnel (Mach 6) ; 

Test medium is air. Models are sting mounted on a model injection 
mechanism. Nozzle -blocks are two dimensional and contoxired. The test 
section is 50.8 by 50.8 cm. It e^iausts through a movable second minimum 
into atmosphere with the aid of an annular ejector. Examples of operating 
conditions are as follows : 

. Stagnation pressure, pascals l.lt X 10® to 3.4 X 10® 


Stagnation temperature, °K 
Mach number 

Reynolds number, per meter 
Running time, min 


up to 555 
6 

1 X 10® to 3.2 X 10® 
over 15 
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TEST FACILITY DESCRIPTIONS (Concluded) 

Langley CF]^ Tunnel; 

Test medium is CFj^ (Tetraflouromethane ) . Models are sting mounted 
on a model injection mechanism. The tunnel has a contoured nozzle and 
an open jet test section. It exhausts to a vacuimi sphere and is re- 
claimed and purified. Operational conditions are as follows: 

Stagnation pressure, pascals 1.0 X lO'^ to 1.7 X 10^ 

Stagnation temperature, °K 389 to 666 

Mach number 6.1^ 

Reynolds number, per meter .10 X 10® to .15 X 10® 

Running time, sec 90 
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DATA REDUCTION 


. -Data were recorded- on facility 'system and quantity program was used 
•fco reduce data to absolute pressure. There were no corrections -to the 
data. 


10 



TABLE I 


TEST : lat8.ia8t.LA88 

DATE : APRIL 19T6 

TEST CONDITIONS 

1 T r 



MACH NUMBER 

REYNOLDS NUMBER 
(PBI foot ) 

DYNAMIC PRESSURE 
(poufxJs/sq. inch) 

STAGNATION TEMPERATURE 
{depees Fahrenheil) 

6.04 

K 1.0^ 

1,10 

820 




COMMENTS; 
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TABIE II 



"TEST RUN NUMBCTt:, 


















TABLE III. 

MODEL DIMENSIONAL DATA 


MODEL COMPONENT : Body B58 ■ ' 

GENERAL DESCRIPTION '• Double Delta Wing Fuselage Per Lines VLTO-0000 93 

fixcetrb' nose modified t o conform to Vehicle 1, configuration forward of 
Station 300 (Statlon^^8 on Lines VLTO-000139) 

VLT2-000061 VLTO-000139 

DRAWING NUMBER : ¥£ 7^000093 


DIMENSIONS 1 

FULL SCALE 

MODEL SCALE 

Length, in. 

^13£6.3 

5.313 

Max Width X^S^O to X„130T, in. 

- 216.0 

0,86h 

Max Depth, in. 

g39»0 

0.956 

Fineness Ratio 

— . 


Area 

Max. Cross-Sectional 

319.556 

0.005 

Planform 

Wetted 

Base 
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TABI£ III (Continued) 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : Canopy - C^_ ; 

general DESCRIPTION '• 2A Configuration Per MR Lines VLTO-000092 


Scale Jtodel= .OOL 


■ DRAWING number; VI^TO-opOOgg 


DIMENSIONS 

• Sta. Pwd. -Bulkhead 

Sta. T, E, 

Canopy Intersects Body ML 

Fineness Ratio 
Area 

Max. Cross-Secttonol 

Pi an form 

Wetted 

Base 


FULL SCALE 


MODEL SCALE 


391*00 


1,56L 


S 60.0 2,2hO 

a$1.0d 1.561^ 
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Model Scale = .00^ 



DIMENSIONS 

Areo FT^ 

Span (equivalent), in* 
lnb*d equivolent chord 

'Oufb’tJ equivalent chord 

Ratio movable surface chord/ 
total surfoce chord 

At Inb'd equiv. chord 
At Outb’d equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
Hingeline 

Areo Moment (Normol to hinge It 
Product of area moment 
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table III (Continued) 

MODEL DIMENSIONAL'DATA 

MODEL G-OMPONENT : ' ■ 

'GENERAL DESCRIPTION : 2A Configuration Per MR Lines VL70-Oobo9L "A" 


Scale Model = ,OOL 


DRAWING NUMBER : VLTO~ 00009 ^A 


DIMENSIONS ; 

Length j in. 

Max Width, ini 
. Max Depth 

Fineness Ratio 
Area 

Max, Cross-Secttonai 
Planformi 

Wetted 

Base 


FULL. SCALE 
84.70 
-g^^OO 


142.63715 


MODEL SCALE 
0.3388 
1.060 


0,002282 
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TABLE IIIo (Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT : QMS PODS-M3 

GENERAL DESCRIPTION"' Idght TO Configuration ; per MC22007L 
Per KR Lines VL70 -000094 


Scale Model = ,004 
•' DRAWING NUMBER : VLTO -000094 

DIMENSIONS ; 

Length, in* 

Max Width , in. 

Max Depth > 

Fineness Ratio 
Area 

Max. Cross-Sectional 
PI an form 

Wetted 
Base 
of OMS POD 

WP = I163.9 inches PSj 400,0 + 63,9 = 1|63*90 BJFS 

1,600 + *2556 = 1.8556 IHMS 

BP = 80.0 in. PSj 0.320 mis 

From Fuselage Station 1214,0 to I560 UJFS = 346,0 INFS 

4.956 yo‘ 6,24 o = 1,384 ikms 



FULL SCALE MODEL SCALE 


346.0 


1.384 


108.0 


0,432 


T2*8 


0,291 
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TABtE III-( Continued) 

• MODEL DIMENSIONAL DATA 


•MODEL COMPONENT Kndder Vl’^i 

GENERAL DESCRIPTION £A Configuration Per MR Lines VLTO-000095 


■ 


■ — -Onk 



DRAWING NUMBER VL70-000095 


dimensions 

FULL SCALE 

model SCALE 

Areai 

98.67 

0.0016 

Span (equivolenf) . 

f xn« 

201.0 

O.80L 

Inb’d equivdient chord 

21.^ ^85 

0.366 

Outb’d equivalent chord 

50.833 

0.203 

Ratio movable surface chord/ 
total surface chord 


• 

At Inb'd equiv. chord 



O.LOO 

At Outb’d equiv. chord 

O.Loo 

■ 0.400 

Sweep Back Angles, degrees 



Leading Edge 

_ 3 lLJ 33 llt. 

34.83314 

Trai ling Edge 

26.2L915 

26.24915 

Hingeline 

3 ^<-. 8331 L 

3^.83314 

Area Moment (Normal to hinge line) 
Product of area and mean chord 

526.125 

0.00003 
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TABLE III. MODEL COMPONENT DIMENSIONAL DATA (Continued) 


MODEL COMPONENT; Vertical Tall V5 (Light Wb. Orblter config) 

GENERAL DESCRIPriON; Center Line Vertical Tall on the DouBle Delt^ Configuration 
vith Doutle Wedge Airfoil and Rounded Leading Edge. Tcrtal Data Includes Void 
Area Listed Belov Scale Moddl = ,00l|. 


DRAWING NUMBER: • VLTO -000093 

DIMENSIONS : 


TOTAL DATA 


Are. 




included above), 2 
Blanketed included above, IT 


Span (eqtd.val6nt), FT 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Diehedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords; 

Root (wing Sta. O.O) 
Tip, (equivalent) 

MAC . 


Pus. Sta. of .25 MAC 
V.P. bf'..25 MAC 
3.L. of ,25 MAC 
Airfoil Section 


EXPOSED DATA 


Root 

Tip 


FULL-SCALE MODEL SCALE 


3,86.05 

'-^13. IT 


I£.67 


0,006 

0.0002 

0.0002 


24.37 • • 
0.507 


0.1 


0.097 

1*590 

0,507 

oTW 


OyO 

0,0 


0.0 

0.0 


45.000 45.000 
26.249 ~ ^.249 
41.130 ^ 4i.130 


257.99 

109.78 

T93.84 

i473«64 

~64t^i 

0.0 


1.032 

~ TW 


0,775 


2,589 


0,0 


Ar«a 

Span, ( equivalent ) 

Aspect Ratio 
Taper Ratio 
Chords 
Root 
Tip 
MAC 

Pus, Sta. of , 25 - MAC 
W.P, of ,25 MAC 
3.L. of .25 MAC 
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TABLE TIX. MODEL COMPONBHT DIMEMSIOKAL DATA (Concluded ) 

MODEL COMPONENT:- Wing W 87-Hew Light Weight 

GENERAL DESCRIPTION: OriLter Configuration ~Der lines VL70-0000Q^ 

Scale Model= .OOL 


DRAWING NUMBER: 


VL70-000093 


DIMENSIONS: 


FULL-SCALE 


TOTAL DATA 


Area^ . (W.R.P. ) 

Planform 

Wetted 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 

Taper Ratio • element 

Dihedral Angle, degrees© 75*33%llne 
Incidence Angle, degree$@.i^5^o 1.00^ 
Aerodynamic Twist, degrees 2 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
•Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 


2689 >38 


2.21IT 

1.176 

0.2(^ 

3.86o 

3.000 


44.873 

10.242 

35.050 


Root (Wing Sta. 0.0) 690.19 

Tip, (equivalent) l44. 30 

MAC 476.76 

Fus. Sta. of .25 MAC 1136.12 

W.P.' of .25 MAC 289.44 

B.L. of .25 MAC I 81.03 

Airfoil Section 
Root 
Tip 


EXPOSED DATA 


Area, 1746.87 

Span, (equivalent) 

Aspect Ratio 2.oo4 

Taper Ratio- 0.256 

Chords 

Root . 562.77 

Tip 144.30 

MAC 39^4-. 81 

Fus. Sta. of .25 MAC 1185.17 

W.P. of .25 MAC 2Q1.56 

B.L. of .25 MAC 250,54 

LEADING EDGE CUFP(data for (l) side) 

Plan form area, FT® (BP 108 . 0 ) 120,333 

L,E, Intersect Pus ML STA 560,0 

L,E, Intersects Wing STA l039»O 


MODEL SCALE 


0,o43 


0.308 

2,214 

1,176 

0.209 

3.860 

3.000 


44.873 

10.242 

35.050 

2.761 
.0-3TL 
-1..907_ 
-4.544 
■ , I- . 15 .8, 
0.724 


.0279 


0.237- 

2,904 

- 0.256 

2,251 

0.577 

1.579 

-4.j4l 

- 1066 . 

1.002 


0.0019 

2.24o 

4.140 
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ORIFICE 

NUMBER 

Xo,in. F.S. 

Xf)> F.S. 

1 ■ 

361.0 

0.0 

2 

527.0 

0.0 

3 

782.0 

0.0 

k 

982.0 

0.0 

5 

1102.0 

0.0 

6 

1282.0 

0.0 

1 ■ 

■ 364.0 

93.0 

8 . 

530.0 

100.0 

9 

784.0 

lOT.O 

10 

911.0 

114.0 

11 

1049.0 

114.0 

12 

1200.0 

114.0 

13 

913.0 

236.0 

14 

1046.0 

251.0 

15 

1200.0 

202.0 

16 

1041.0 

365.0 

IT 

1200.0 

317.0 

18 

1202.0 

4 ii.o 



a 


Pressure Tap Location 
Figure 2. - Model Sketches 
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a. Electron Beam photograph, 22" Helixmi Tunnel, M=20.3 

Figure 3» " Model photographs 




ho 
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b, Schlieren photograph, CF*; Tunnel, Q'=10° M=6.0 
Figure 3» - Model photographs 




c. 


Schlieren photograph, CFU Tunnel, o'=l8° M=6.0 
Figure 3* ■ Model photographs. 
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j Preceding,page blank 
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CRJLWOn LARC CF4 267/273 CLA78D 

SYMBOL XO YO MACH 

Q 361.000 .000 8.040 

U 527.000 

O 782.000 

A 982.000 

1102.000 
!>, 1282.000 

pn i|i ni t iMimii|t i n ' i i' iiiji ' i ii jiii i jiiii jii i i j i ii i|ii 


B58C5E 1 8F4M3R5V5W87 


PARAMETRIC VALUES 
ELEVON . 000 BDFLAP 
SPDBRK .000 



10 II 12 13 14 15 IB 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


FIGURE 4. LARC CF4 2S7. 2B8, 272, 273CLA78I LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 


CRJLWOID 

LARC CF4 

267/273 CL A78D 

B58C5E18F4M3R5V5W87 



SYMBOL 

xo 

YO 

MACH 



parametric values 

o 

364.000 

93.000 

6.040 


ELEVON 

SPDBRK 

.000 BOKLAP 

.000 


I 


xjt 


X 

E 

E 


d 

u 

a 

CL 


O 

li 

$ P 

M B 

p 

o 

W' 



FIGURE 4. LARC CF4 267, 268, 272- 273CLA78D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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CRJLWOn LARC CF4 267/273CLA785 

SYMBOL XO YO MACH 

O 530. OCO 100.000 G.040 


B58C5E18F4M3R5V5W87 


PARAMETRIC VALUES 

ELEVON .000 BOFLAP .000 

SPOBRK . 000 . 



10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


FIGURE 4. LARC CF4 267. 268, 272. 273CLA78} LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 



CRJLWOn LARC CF4 267/273 CLA78D B58C5E18F4M3R5V5W87 

SYMBOL XO YO MACH PARAMETRIC VALUES' 

O 734.000 107.000 6.040 ELEVON .000 BDFLAP .000 

SP03RK :.ooo . 



FIGURE 4. LARC CF4 267,268.272.273CLA783 LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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CRJLWOn 

SYMBOL XO 

LARC CF4 

YO 

267/273 CL A78D 

HACH 

B58C5E18F4M3R5V5W87 


PARAMETRIC VALUES 

Q 9U.000 
n 1049.000 
O 1200.000 

114.000 

6.040 


ELEVON 

SPDBRK 

.000 BDFLAP 

.000 




FIGURE 4. LARC CF4 2G7, 268. 272. 273CLA783 LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 


P 


£ 


I 


5 


CRJLWOn 

SYMBOL XO 

LARC CF4 

YO 

2S7/273CLA78D 

MACH 

B58C5E18F4H3R5V5W87 


PARAMETRIC VALUES 

0 1200.000 

202.000 

6.040 


ELEVON 

SPOBRK 

.000 BOFLAP 

.000 



mm Hi 



CRJLWOn LARC CF4 267/273 CL A78D 

SYMBOL XO YO MACH 

O 913.000 23B.OOO G.040 


B58C5E18F4M3R5V5W87 


ELEVEN 

SPDBRK 


PARAMETRIC VALUES 

.000 BDFLAP '*.000 



10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


FIGURE 4. LARC CF4 267, 268, 272, 273CLA78D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 


CRJLWOn LARC CF4 267/273 CL A78D 

SYMBOL XO YO MACH 

O 1046.000 251.000 6.D40 


B58C5E18F4M3R5V5W87 


PARAMETRIC VALUES 

ELEVON .000 BDFLAP 

SPDBRK .000 


U 



FIGURE 4. LARC CF4 267.268, 272. 273CLA783 LOWER SUFFRAGE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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CRJLWOn LARC CF4 267/273 CLA78D 

SYMBOL XO YO MACH PARAMETRIC VALUES 

O 1200.000 317.000 6.040 ELEVON .000 BDFLAP .000 

SPDBRK .000 
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FIGURE 4. LARC CF4 267, 2G8. 272.273CLA78D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON. LOWER WING SURFACE 
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CRJLWOn LARC CF4 267/273CLA78D 

SYMBOL XO YO MACH 

O 1041.000 365.000 6.040 


B58C5E 1 8F4M3R5V5W87 


ELEVON 

SPDBRK 


PARAMETRIC VALUES 
.000 BDFLAP 
.000 


.000 . 
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TTTTrTTTT 


CRJLWOn 

LARC CF4 

2B7/273CLA78D 

B58C5E18F4M3R5V5W87 



SYMBOL 

xo 

YO 

MACH 

• 


PARAMETRIC VALUES 

o 

1202.000 

411.000 . 

6.040 


ELEVON 

SPDBRK 

.000 8DFLAP 

.000 



PH * I ^ 3 D I J 


(RJ5W0U 


SYMBOL 


XO 

381.000 

527.000 

782.000 

982. 000 
1102.000 
1282.000 

i 


LARC 22 IN HELIUM 44BCLA87) 

YO MACH 

.000 20.300 


B58C5E18F4M3R5V5W87 


PARAMETRIC VALUES 
ELEVON .000 BDFLAP 
SPD8RK .000 




!SSSSS55S=SSSEl 






13 14 15 16 1'7 18 19 20 21 


FIGURE 5. LARC 22IN. HE. 44BCLA87D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 



CRJSWOn LARC 22IN HELIUM 446CLA87D B58C5E18F4M3R5V5W87 

SYMBOL XO YO MACH 

O 3S4.000 93.000 20,300 


PARAMETRIC VALUES 
ELEVON .000 BDFLAP 
SPDBRK .000 


.000 


r 




t 



FIGURE 5. LARC 22IN. HE. 446CLA873 LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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CRJSWOn LARC 22IN HELIUM 446CLA873 B58C5E18F4M3R5V5W87 


SYMBOL 

xo 

YO 

MACH 


PARAMETRIC 

VALUES 

. 0 

S30.0QO 

100.000 

20.300 

ELEVON 

.000 

BDFLAP 




SPD8RK 

.000 




FIGURE 5. LARC 22IN. HE. 446CLA87D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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CRJ5W01D 

LARC 22 IN 

HELIUM 446CLA87D 

B58C5E18F4M3R5V5W87 



SYMBOL XO 

YD 

MACH 



PARAMETRIC VALUES 

O 784.000 

107.000 

20. 300 


ELEVON 

SPDBRK 

.000 SDFLAP 

.000 
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CRJ5W013 

SVKBOL XO 

LARC 22 IN 

YO 

HELIUM 446CLA87} 

MACH 

B58C5E.18F4M3R5V5W87 


PARAMETRIC VALUES 

Q 911,000 

,□ 1O4S.O0O 

O 1200.000 

114.000 

20.300 


ELEVON 
■ ■ SPDSRK 

.000 BDFLAP 

.000 




dBBtaBu 
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■■■■■I 
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FIGURE 5. LARC 22IN. HE. 446CLA87D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 



Plocal » 


CRJ5W0U LARC 22IN HELIUM 44GCLAB7D B58C5E18F4M3R5V5W87 

SYMBOL XO YO MACH PARAMETRIC VALUES 

O 1200.000 202.000 20.300 ELEVON .000 BDFLAP 

SPDBRK .000 


.000 



CRJ5W01D LARC 22IN HELIUM 446CLA873 B58C5E18F4M3R5V5W87 

SYMBOL XO YO MACH 

O 913.000 236.000 20.300 


PARAMETRIC VALUES ■ 
ELEVON .000 8DPLAP 

SPDBRK .000 


.000 


X 

E 

6 


1 




FIGURE 5. LARC 22IN. HE. 446CLA873 LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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CRJ5W013- LARC 22IN HELIUM 44SCLA87D B58C5E18F4M3R5V5W87 

SYMBOL XO YO • . MACH 

O 1O4S.0OO 251.000 20.300 



PARAMETRIC VALUES 

ELEVON .000 BDFLAP .000 

SPOBRK .000 



9 



CRJSv/on 

LARC 22 IN 

HELIUM 446CLA87) 

B58C5E18F4M3R5V5W87 




SYMBOL 

xo 

YO 

MACH 



PARAMETRIC VALUES 


o 

1200.000 

• 3l'7.00D 

20.300 


ELEVON • 
SPD8RK 

.000 BDFLAP 

.000 

.000 



FIGURE 5. LARC 22IN. HE. 446CLA873 LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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sym?ol'^°xo 446CLA873 B58C5E18F4M3R5V5W87 

O 1202.000 4U.OOO 20.300 


PARAMETRIC VALUES 
ELEVON .000 BDFLAP 
SPGBRK .000 


.000 


\ 


I 


• 

X. 

e 

B 


d 

u 

a 

qT 



FIGURE 5. LARC 22IN. HE. 446CLA873 LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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PH imu * I I 


B58C5E 1 8F4M3R5V5W87 


CRJVWOn LARC 20 IN M6 6468 C LASS D 

SYMBOL XO YO MACH PARAMETRIC VALUES 


Q. 


381.000 .000 5.940 ELEVON .000 BDFLAP .000 

527.000 SPOBRK .000 

782.000 

982.000 
1102.000 
1282.000 



FIGURE 6. LARC 20IN. M6 G468CLA88D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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local • 


B58a5E18F4M3R5V5W8V 


CRJVWOn LARC 20IN M6 6468CLA88D 

SYMBOL XO YO MACH 

O 364.000. • 93,000 5.940 


PARAMETRIC VALUES 

ELEVON .000 BOPLAP .000 

SPDBRK .000 


CL 



FIGURE G. LARC 20IN. MB G4G8CLA88) LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE ’ 
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CRjvwon 

SYHBQL XO 

LARC 20 IN 

YO 

MS 6468CLA883 

MACH 

B58C5E18F4M3R5V5W87 


PARAMETRIC VALUES 

0 530.000 

too, 000 

5.940 


EUEVOM 

SPDBRK 

.000 BOFLAP 

.000 


I 
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I 

E 

E 


Kl 

U 

□ 
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FIGURE 6. LARC 20IN. M6 G468CLA88: LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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858C5E i 8F4M3R5V5W87 


CRJVWOn URC 20IN MS 6468CLA883 

SYMBOL XO YO MACH 

O 734.000 107.000 5.340 


PARAMETRIC VALUES 

ELEVON loco K3FLAP .000 

SPD8RK .000 


1 




• 

I 

E 

E 


d 

u 

a 

q7 




FIGURE 6. LARC 20 IN. MS 64S8CLA88D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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CRJvwon 

LARC 20 IN 

M6 6468 C LASS D 

B58C5E18F4H3R5V5W87 



SYMBOL 

xo 

• YO 

MACH 



PARAMtTRIC VALUES 

■ o 

1200.000 

202.000 

5.940 


ELEVOM 

SPDBRK 

. oob BDFLAP 

.000 



FIGURE 6. LARC 20IN. MG S468CLA88) LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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C'RJVWOn LARC 2QiH H6 6468CLA883 

SYMBOL XO YO MACH 

O 313.000 236.000 5,940 


B58C5E18F4M3R5V5W87 


PARAMETRIC VALUES 
ELEVON .000 BOFLAP 
SPOBRK .000 
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10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

ot 

FIGURE 6. LARC 20IN. MS 6468CLA88D LOWER SURFACE PRESSURES 

LOCAL PRESSURE ON LOWER WING SURFACE 


local' Hd 


B58C5E18F4M3R5V5W87 


CRJVWOU URC 20 IN MB 6468CLA88) 

SYMBOL Xfl YO MACH 

O IC4S.000 251.000 5.940 


PARAMETRIC VALUES 

ELEVI5N .000 BOFLAP • .000 

SPDBRK .000 




0 . 



FIGURE 6. LARC 20IN. MS 6468CLA88D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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tTTT, 


B58C5E18F4M3R5V5W87 


CRJVWOn LARC 20 IN MB 6468CLA883 

SYMBOL XO YO MACH 

O 1200.000 317.000 5.940 


PARAMETRIC VALUES 
ELEVON .000 BOFLAP 
SPDBRK .000 




zA 



FIGURE 6. LARC 20IN. MG G468CLA883 LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE ■ 


CRJVWOU 

SYM80L XO 

LARC 20 IN 

VO 

MS 64B8CLA88D 

MACH 

B58C5E18F4M3R5V5W8V 


PARAMETRIC VALUES 

0 1041. ODO 

365.000 

5.940 


EUEVON 

SPDBRK 

.000 BCELAP 

.000 



FIGURE 6. LARC 20IN. MS 64B8aA881 LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 
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local' Hi 


B58C5E18F4M3R5V5W87 


CRJVWOn LARC 20 IN MS S468CLA883 

SYMBOL XO YO MACH PARAMETRIC VALUES 

O 1202.000 411.000 5.940 ELEVON .000 BOFLAP .000 

SPDBRK .000 


Q. 



FIGURE 6. LARC 20IN. MS G468CLA88D LOWER SURFACE PRESSURES 
LOCAL PRESSURE ON LOWER WING SURFACE 


PAGE 


33 


APPENDIX 


TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from Data Management 
Services. 



- ^ ^ ' REPRODUCIBILITy OF THE} 
QMOMAL PAGE IS POOR' 


DATE 

14 

JUN 76 

LA78, 

LA07 

, LA80 - PRESSURE SOURCE DATA 

TABULATION 


PA(^ 1 






LARC CF4 2B7/c73(LA78) 

858C5E 1 8F4M3R5V5W87 


(RXWOl) < 27 APR 76 ) 



REFERENCE DATA 





PARAMETRIC DATA 

SREF 

S 

2690.0000 SQ.FT. 

XMRP 

3 

1076.7000 IN. XO 


ELEVON - 

.000 8DFLAP - .000 

LREF 


474.8000 INCHES 

YMRP 

« 

.0000 IN. VO 


SPDBRK - 

.000 

8REF 

m 

936.6800 INCHES 

ZMRP 


375.0000 IN. ZO. 




SCALE 

zx 

.0040 







MACH 

t 

1 ) » 6.040 ALPHA ( 

n - 

10. 000 PTOT - 96868. 

TTOT ■ 438.52 

Q(MMH) 

• ,58.955 


SECT r ON ( 11 WING OEPENOENT VARIABLE PL 


YO 

.0000 

93,0000100,0000107.0000114.0000202.0000236.0000251.0000317.0000365.0000411.0000 

XO 



361.000 

8.0789 


364.000 


8.9332 

527.000 

8.3714 


530.000 


8.7026 

782.000 

8.4024 


784.000 


7.7019 

91 1.000 


12.6530 

913.000 


28.2400 

982.000 

7.9859 


1041.000 


18.8480 

1046.000 


16.8530 

1049.000 


8.4361 

1,102.000 

8.3811 


1200.000 


7.7811 8.4716 10.2050 

1202.000 


12.9010 

1282.000 

6.0819 


MACH ( 1) 

= 6. 

040 ALPHA ( 2) = 18.000 PTOT = 96868. TTOT « 438.52 QlMMHl » 

SECTION ( 

1 )MING 

DEPENDENT VARIABLE PL 


YO .0000 93.0000100.0000107.00001 Pt.OOOOBOB. 0000236. 0000B51 .0000317.0000365.0000411.0000 


XO 

361 .000 
364 . GOO 

527.000 

530.000 

782.000 

784 . 000 
91 1.000 

913.000 

982.000 

1041.000 

1046.000 

1049.000 

1102.000 
1200.000 


16.8110 

18.7900 

16.6940 


16.5750 

18.3340 


16.1370 

26.1690 


17.0280 


48.2040 


16.7340 


27.1180 

17.9010 

18.3350 16.3480 18.5130 


.0000 



-S' 


DATE 14 JUN 76 

MACH ( n - S 
SECTION t DMING 


YO 

.0000 

xo 


1808.000 

1888.000 

1 1 .7360 

MACH ( 

1 ) = 6 . 

SECTION 

fnwiNG 

YO- 

.0000 

XO 

361 .000 

364.000 

88.1750 

587.000 

530.000 

89.1930 

788.000 

784.000 

86.3860 

91 1.000 

913.000 

988.000 

85.0840 

1041.000 

1046.000 

1049.000 

1 108.000 

84,9600 

1800.000 

1808,000 

1888.000 

16.5050 

MACH ( 1) = 6. 

SECTION 

( 11HIN6 

YO , . 

.0000 

XO 


361.000 

364.000 

40.1670 

587.000 

530.000 

37,8080 

788.000 

784.000 

36.8890 

91 1 .000 

913.000 

988 . 000 

34.7610 

1041.000 

1046.000 



LA7B, LA87. LA88 - PRESSURE SOURCE DATA TABULATION 

LARC CF4 867/873(LA78) B58C5E18FHM3R5V5W87 

.040 ALPHA ( 8) » 18.000 

DEPENDENT VAR. ABLE PL 

93.0000 1 00 . 0000107 . 0000 114. 0000808 . 0000836 . 0000851 .00003 17.0000365 . 00004 1 1 . 0000 

81.4870 

.040 ALPHA ( 3) = 85,000 PTOT » 96068. TTOT =,438.58 Q(MMH) 

DEPENDENT VARIABLE PL 

93.0000100.0000107.00001 14.0000808.0000836.0000851.0000317.0000365.0000411.0000 


.0000 


86.0140 


83.0880 


36.5350 
86.6530 

88.1380 83.1060 


60 . 3680 


37. 1 100 


44.7660 


86.0630 


.0000 


040 ALPHA ( 4) = 30.000 PTOT = 9BB68. TTOT = 438.58 Q(MMH) 

DEPENDENT VARIABLE PL 

93.0000100.0000107,0000114.0000308.0000836,0000851 .0000317.0000365.0000411 .0000 


(RJLWOll 


58.955. 


58.955 


.0000 


38.4930 


31 .3800 


<9.9990 


78.9080 


47.0780 


55.3140 


PAGE 8 



DATE IH JUN 76 UA78, LA97, LABS - PRESSURE SOURCE DATA TABULATION 

LARC CF4 267/273<LA78) B5BC5E 1 8F4M3R5VSW87 

MACH ( n “ 6. OHO ALPHA t 4) « 30.000 

•SECTION < nWING DEPENDENT VARIABLE PL 

YO . 0000 93,0000100 . 0000 1 07.0000 114. 0000202.0000236.0000251 . 0000317.0000355.0000411 . 0000 


XO 

1049.000 

1102.000 33.0970 

1200.000 
1202.000 

1282.000 22.B600 


35.2090 

35.2420 31.4160 35.0050 

37,6410 


(RJLWOl) 


c- 


PAGE 3 



DATE 

14 

JUN 76 

LA78, 

LA87, LA88 - 

PRESSURE SOURCE DATA 

TABULATION 


PAGE 





LARC 20 IN M6 6468 (LA88) 

B58C5E18F4M3R5V5W87 


(RJVWOl) ( 27 APR 



REFERENCE DATA 





PARAMETRIC DATA 

SREP 

1* 

2690.0000 SQ.FT. 

XMRP 

“ 1076.7000 

IN. XO 


ELEVON ■ 

.000 BDFLAP •> 

LREP 

m 

474.8000 INCHES 

YMRP 

“ .0000 

IN. YO 


SPDBRK ■ 

.000 

BREF 

s 

936.6800 INCHES 

ZMRP 

* 375.0000 

IN. ZO 




SCALE 

S 

.0040 







MACH 

( 

1 ) “ 5.940 ALPHA ( 

1) “ 10.000 

PTOT » 2678.5 

TTOT = 176.87 

QlMMHl 

“ 44.545 


SECTION ( nWING 


DEPENDENT VARIABLE PL 


.0000 93.0000100.0000107,00001 14 . OOOOBOE . OvOOS3B. 0000251 .0000317.0000365.000041 1 .0000 


XO 


361.000 

5.6602 

364 . 000 

5.7872 

527.000 

5.5917 

530.000 

5.5693 

782.000 

784.000 

911.000 

913.000 

5.4472 

982.000 

5.4740 

1041 .000 

1046.000 

1049.000 


1102.000 

1200.000 

1202.000 

5.4908 

1282.000 

4.4555 

MACH ( 1 ) 

•= 5.940 ALPHA ( 2) 


SECTION .( nwiNG 


5.9996 

6,3425 


19,6900 


5.9329 

4.7944 5,2864 

“ 18.000 PTOT •» 2678.5 

DEPENDENT VARIABLE PL 


12,4010 


17.2290 


7.9193 


TTOT - 176.87 


10.4290 


QIMMHJ - 


44.545 


.0000 93,0000100.0000107.0000114.0000202.0000236.0000251 .0000317.0000365.000041 1.0000 


XO 

361.000 
364 . COO 

527.000 

530.000 

782.000 

784 . 000 

91 1.000 

913. 000 

982.000 

1041.000 

1046.000 

1049.000 

1 102.000 
1200.000 


12.0670 

1,0.7350 

12.6010 

13.1380 


1 1 .7850 


14.0540 

14.5720 


12.7920 


35. 1780 


24.0550 


28.5090 


4 . 

76 ) 

,000 


12.3610 


13. 1430 

11,0180 12.0350 


13.8540 



DATE 14 JUN 76 LA79, LA07, LA88 - PRESSURt! SOURCE DATA TABULATION 

LARC BDIN M6 6460(LA83) B5BC5E 1 BE4M3R5V5WB7 (RJVWOl) 

MACH ( I) • 5.940 ALPHA ( B) » 18.000 

SECTION ( nWINO DEPENDENT VARIABLE PL 

YO .0000 93.0000100.0000107.00001 14. OOOOBOS.OOOC.’Se.OOOOBSl .0000317.0000365.000041 1 .0000 


XO 

1202.000 

1282.000 10.0560 





18.1910 

MACH ( n « 5.940 

SECTION ( nwiNG 

ALPHA ( 3) “ 

25.000 PTOT « 2678.5 

DEPENDENT VARIABLE PL 

TTOT 

» 176.87 

Q(MMH) » 44.545 


YO . 0000 93.0000100.0000107.0000114. 0000202 . 0000236.000025 1 . 0000317,0000365 . 00004 1 1,. 0000 


XO 


361 .000 

19.5370 


364.000 

15.9530 


527 . 000 

21 .2070 


530.000 


18.6700 

782.000 

20.9300 


784.000 


21 .7460 

91 1 .000 


22.4250 

913.000 


45.2250 

982.000 

19.7530 


1041.000 


38.6970 

1046.000 


33.4580 

1049.000 


20.7720 

1102.000 

18.9320 


1200.000 


17.2630 18.7680 20.0230 

1202.000 


25.6780 

1282.000 

15.7460 



MACH ( n » 5.940 ALPHA t 4) - 30.000 PTOT “ 2678.5 TTOT ■ 176.87 QIMMHl - 44.545 

SECTION ( nWlNG DEPENDENT VARIABLE PL 


YO .0000 93.0000100.0000107.0000114.0000202.0000236.0000251 ,0000317.0000365.0000411.0000 


XO 


361.000 

27.8540 

364.000 

20.9650 

527.000 

29.2990 

530.000 

24.7380 

782.000 

27.9920 

784.000 

20.5730 

91 1 .000 
913.000 

29.5850 

982.000 

1041.000 

1046.000 

26.5890 


52.5440 


PAGE 5 


40, 1420 


46.5340 





DATE 14 JUN 76 LA78, LA07, LA8B - PRESSURE SOURCE DATA TABULATION 

LARC 201N MB B468(LA8S) B58C5E18F4H3R5V5W87 

MACH ( 1) - 5.340 ALPHA t 4) ■> 30.000 

SECTION { nWING DEPENDENT VARIABLE PL 

-OOOO 93.0000100.0000107.0000114.0000808.0000836.0000851 .0000317.0000385.0000411.0000 


XO 

1049.000 

1108.000 .0000 
1800.000 
1808.000 

1888.000 81.9880 


88.0890 

83.7470 85.7850 87.7800 

38.5450 


IRJVMOl) 


PAGE 6 



.(yS)- 


DATE m JUN 76 


LA78. LA87. LA68 - PRESSURE SOURCE DATA TABULATION 


PAGE 


7 


LARC BP IN HELIUM 44B(LA87) 

REFERENCE DATA 

SREF » 2690.0000 SQ.FT. XMRP « 1076.7000 IN. XO 

LREF « H74.0OOO INCHES YMRP « .0000 IN. YO 

BREF • 936. 6800 INCHES 2MRP » 375.0000 IN. ZO 

SCALE - .0040 


85BC5EI8F4M3R5V5WS7 IRUSWOI) ( 27 APR 76 ) 

PARAMETRIC DATA 

ELEVON - .000 BDFLAP • .000 

SPDBRK - .000 


MACH ( I) = 20.300 ALPHA ( 1) » 5.000 PTOT • 51598. TTOT 28.725 Q(MMH) » 81.010 

SECTION ( nWlNG DEPENDENT VARIABLE PL 

YO .0000 93.0000100.0000107.0000114.0000202.0000236.0000251.0000317.0000365.0000411.0000 


XO 

361.000 

364.000 

527.000 

530.000 

782.000 

784.000 
91 I .000 

913.000 

982.000 

1041 .000 

1046.000 

1049.000 
I 102.000 

1200.000 
1202,000 

1282.000 



MACH ( 1) = 20.300 ALPHA ( 2) «= 10.000 PTOT »= 51598. TTOT = 28.725 Q(MMH> » 81.010 

SECTION ( 11 WING DEPENDENT VARIABLE PL 

YO .0000 93.0000100.0000107.00001 14.0000202.0000236.0000251 .0000317.0000365.0000411.0000 

XO 


361.000 

8.7102 


364,000 

6.7650 


527.000 

6.1979 


530.000 

5.9933 


782.000 

.0000 


784.000 

6.7221 


911.000 


7.5815 

913.000 


39 . ‘^650 

982.000 

6.9740 


1041 .000 


29.0720 

1046.000 


21 .9780 

1049.000 


7.0116 

1102.000 

6,7452 


1200.000 


5.6711 7.1529 10.7120 



I 


DATE m JUN 76 

MACH ( I) » 20 

SECTION ( nWlNG 


YO 

XO 

.0000 

1202.000 


1282.000 

5.4312 

MACH < 

1) - 20 

SECTION 

( IINING 

YO 

XO 

.0000 

361 .000 

364.000 

12.7310 

527.000 

530.000 

12.3610 

782.000 

784.000 

16.9310 

91 1.000 

913.000 

- 

982.000 

1041.000 

1046.000 

1049.000 

15.4170 

1102.000 

1200.000 

1202.000 

14.7980 

1282.000 

11.4290 

MACH ( 1) = EO, 

SECTION 

( IIHING 

YO 

XO 

.0000 

361.000 

364.000 

16.6780 

527.000 

550.000 

17.2740 

782.000 

784.000 

911.000 

913.000 

22.7600 

982.000 

1041.000 

1046.000 

20.3350 


LA78, LA97. LA88 - PRESSURE SOURCE DATA TABULATION 

LARC 22IN HELIUM 44BILA87) B59C5Eiar4M3R5VSM87 
.300 ALPHA { 2) 10.000 

DEPENDENT VARIABLE PL 

93.0000100.0000107.00001 14. 0000202. 0000236; 0000251 .0000317.0000365.000041 1 .0000 

15.0540 

.300 ALPHA ( 3) - 15.000 PTOT = 51598. TTOT » 28.725 QIMMH) 

DEPENDENT VARIABLE PL 

93.0000 100.0000107.0000114 .0000202 . 0000236, 0000251 .00003 17.0000365 .0000411. 0000 


1 1 .2270 


11.6390 


14.6000 


16.8990 
15.5440 

12.1380 14.575'0 


67,9810 


30.3810 


40.6540 


16.8330 


23.7710 


300 ALPHA ( 4) = 18.000 PTOT = 51598. TTOT = 28.725 Q(MMH) 

DEPENDENT VARIABLE PL 

93.0000100.0000107.0000114.0000202.0000236.0000251.0000317.0000365.0000411,0000 


IRJSWOl) 


81.010 


81.010 


14.0680 


15.6720 


20.4120 


22.5930 


73.6050 


35.7930 


48 . 6530 
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LA78, LA67, LA88 - PRESSURE SOURCE DATA TABULATION 


PXGE 9 


MACH ( I 
SECTION 
YO 

XO 

1049.000 
noE.ooo 

1200.000 
1202.000 
1282,000 


LARC 22IN HELIUM 446(LA87) B5BC5E18F4M3R5V5W87 

) “ 20.300 ALPHA ( 4) « 18.000 

( nWlNG DEPENDENT VARIABLE PL 

.0000 93.0000100.0000107.00001 14.0000202.0000236.0000261.0000317.0000365.000041 1.0000 


19.2970 

14.8220 


20.6080 

18.0460 18.608.; 21.3000 

29.8100 


(RJSMOn 
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